Abstract. Flood processes and effects are examined, concerning two rivers in an urbanized area in North-Western Italy (Piedmont -Cuneo Plain). In May 2008, some areas in Northern Italy were struck by intense and persistent rainfall. In the Cuneo province (Southern Piedmont), floodplain with some urban areas was inundated over ca. ten square kilometres, and the city of Savigliano (about 21 000 inhabitants) was particularly hit by flood. A purposely-made historical research has evidenced approximately fifty flood events as having occurred since 1350 in the Savigliano area. Based upon historical data, both documents and maps, GIS (Geographical Information System) technique and field surveys were used to quantitatively assess the growing urbanization of the city and to describe flood processes and effects over years. This work aims to describe the dynamic behaviour of the 2008 flood, also comparing it to past events, in particular those that occurred in 1896. It is emphasized how the knowledge of past events can be helpful in reducing urban flooding.
Introduction
Floods and landslides are complex phenomena with different hazard impact. Hurricanes, cyclones, heavy and/or longlasting rains, and snowmelt are the major triggering factors, but they are insufficient to explain why and when these phenomena occur (Llasat et al., 2005) . In addition, these natural phenomena exert worldwide a twice interaction with human activities: land use is vulnerable to natural events and related damages, but increasing soil occupancy (i.e. by civil and hydraulic infrastructures) can negatively influence the "natural"
Correspondence to: C. Audisio (chiaraudisio@gmail.com) evolution of floods and landslides (Arnaud-Fassetta et al., 2005) . Briefly, any event is the result of a complex interaction between meteorological, environmental, and human factors ).
In 2008, severe floods and landslides all over the world caused damage of over 12 billion Euros, according to a report by Munich Re Group (2008) . Such events occurred mainly in Asia, North America (34 and 30 % of cases, respectively), and Europe (13 %). Countries affected by hurricanes, cyclones, and severe storms were India, Bangladesh, Nepal, USA, Germany, Romania, Moldova, and Italy (Munich Re Group, 2008) .
Since 1950, more than 70 extreme floods imposed damage costs in the region of 270 billion Euro and claimed about 120 000 human lives in Southern Asia, Europe, North America, and Oceania. Based on a collection of 26 000 cases, results show an exponential raise of devasting natural catastrophes (that is more than 500 deaths and more than 500 million US $) between 1980 and 2008 (Barredo, 2007; Munich Re Group, 2008) . In recent years in Italy, instability processes have caused both casualties and considerable damage to property and infrastructures. In the last 80 years alone, 11 000 landslides and 5400 floods have occurred. Since 1980, the Italian State has spent 42.4 billion Euros or about 5.7 million per day in restoration and remedial works for natural disasters (Luino, 2005) . Results from above mean a significant increase in material damage with rising costs to national governments but a decline in casualties, especially in Western countries, yet an increase of loss in human lives in Eastern countries.
Nevertheless, a study purposely aiming to prevent landslide hazard and related damage is beyond the scope of this paper. The main focus here is the analysis of flood phenomena using historical data and considering how and how much Published by Copernicus Publications on behalf of the European Geosciences Union.
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For centuries the cities have expanded near rivers in reason of the need of water. However, due to their natural evolution, rivers are sometimes affected by severe or extreme floods. Provided that the flood hazard in a given area can be prevented, floodplains represent a valuable resource either for urban, agricultural, and/or industrial development (Hey, 1997) .
Step by step, a range of engineering solutions have been developed to reduce flood risk. Channel works include widening of the flow section, dredging, and straightening the river course (Hey, 1997) . This leads, by consequence in many cases, to abstracting the geomorphological evolution of the river -disrupting the sediment transport continuity and promoting erosion or deposition -and this can affect adjacent stripes of land (Brookes, 1987) . River channels are inherently unstable, particularly over long timescales (more than thousands of years), but they can also be unstable over a span of time of a human life (Hey, 1997) .
The use of historical data can partially help to understand the evolution of a territory, provided that historical data cover a timespan reasonably wide. Careful historical research has allowed to verify that nearly all the areas affected by floods in present times suffered the same events also in the past; understanding such repetitive principle may help in hazard investigation and zonation (Burby, 2001; Fernandez de Villata et al., 2001; Benito et al., 2003 Benito et al., , 2004 Tropeano and Turconi, 2004; Dewan et al., 2007) . Many studies based on historical documents are a support to estimating natural hazard, more frequently applied to flood hazard forecast, both in Italy Capelli et al., 1997; Guzzetti et al., 2005; Luino and Turitto, 1996; Spaliviero, 2003; Surian and Rinaldi, 2003; Tropeano and Turconi, 2004) and other countries Glaser and Stangl, 2004; Hilker et al., 2009; Kreibich and Thieken, 2009; Naef and Bezzola, 1990; Naulet et al., 2005; Mertz et al., 2008; Meunier, 1988) . Historical data are used to draw information in studies on stream channel hydraulics (Bardsley, 1989; Bayliss and Reed, 2001; Helms et al., 2002; Sutcliffe, 1987) , as well to describe phenomena and related damage (Brath et al., 2004; Copien et al., 2008; Gori and Burton, 1996; Yu et al., 2009; Zeng and Zaho, 1992) .
For the purpose of this paper, the main utilities of historical documents are:
-to reconstruct the chronological sequence of floods; -to document the phenomena and related damage.
The manipulation of historical data presents some problematic issues. First and foremost, separating subjective components from objective ones when consulting historical sources is a very complex task (Glaser and Stangl, 2004) . In addition, some documents may not bring relevant evidence (i.e. date or magnitude of a given event) or may emphasize some secondary aspects without describing phenomenon or damages; different reporting styles and presentation could induce errors; information could be not of first-hand source; or a same event could be reported in different archives and/or different documents (Ibsen and Brunsden, 1996) . Critical evaluation of sources, comparisons with present-day information and descriptions, derivation of indices are just some of the methods which may give an idea of the complexity, approaches, and results that may be obtained (Glaser and Stangl, 2004) .
Positive aspects are the huge amount of data sources and available data (technical projects, reports, warnings, notes and manuscripts, drawings, maps, and photographs) and the timespan period which can be investigated (in the case here in study, since 1350). But before data can be reconstructed, various types of archives need to be found and explored (Govi et al., 1990) . The historical data thus represents the starting point in geomorphological studies about floods, together with GIS (Geographical Information System) use.
This paper deals with research on historical floods in the Cuneo plain (North Western Italy -Piedmont Region) close to the city of Savigliano (about 21 000 inhabitants). Two similar flood events in the same area, separated more or less by a century , are put in comparison also on the basis of urban changes that occurred in a so wide span of time. The flood in May 2008 involved the main part of the city, causing a lot of economic damages. After a geomorphological description of the area, the paper illustrates the used method, the collected data, and results are discussed.
The case study -geomorphological setting
Bounded between the Maritime Alps (South) and the Po River (North), the Cuneo plain represents the geographical apex of the High Po Plain (Maraga, 1989) . The area is characterized by a divergent stream channel network (Fig. 1) . The Stura di Demonte River is a sort of division axis directed north-eastward, separating the network of Varaita, Maira, Grana streams (northward pattern direction) that inflows into the Po River; and the stream network of Gesso, Pesio, Ellero streams, together with the Stura di Demonte itself (eastward pattern direction), all tributaries of the Tanaro River.
The hydrographical pattern of recent times and the geometry of the associated plain are the composite product of several morphogenetic processes which took place since the Pleistocene, from about one million years to the present. The hydrographical setting of today is the result of channel changes that occurred in the last 10-15 000 years (Maraga, 1989) . In addition, the processes which have caused the natural evolution of the stream networks have probably both geomorphological and tectonic origin (Biancotti, 1979; Carraro et al., 1994; Sacco, 1884) .
The key phenomenon that triggered river channel changes in the Cuneo plain was the "overflow" or "capture" of the Tanaro River, which in turn was strongly influenced by processes of flow diversion of the Po (Carraro et al., 1994 (Carraro et al., , 2005 . At the beginning of the Quaternary, the Tanaro was flowing into the Po River, following a northward direction (dots in Fig. 1 ), as witnessed by the petrographic nature of buried gravel sediments (quartzite and conglomeratic quartzites) that form the alluvial deposits in the plain north of Bra. In addition, the elevation at which the abandoned riverbed takes origin is comparable with the terrace on the left bank of Tanaro, near Bra, upstream from the point of overflow (Carraro et al., 1994) . At some point in the Pleistocene, concomitant factors, such as the headward erosion of a stream network lying in the Alba area and the lateral erosion exerted by Tanaro River at the hills on which ran the watershed between the rivers near Bra, caused the overflow of the Tanaro River in the hydrographic network flowing toward ENE (east-northeast) and the abandonment of the northwarddirected stretch. It is likely that the erosion in the east side of the Tanaro River was also induced by the tectonic evolution of the area and surroundings (uplift of the Alps and the north part of the Cuneo plain, Carraro et al., 1994) .
The process illustrated above led to the gradual migration of the other rivers over the plain: the tributaries of the Tanaro began to flow eastward, while the plain north of the Torrente Stura di Demonte was gradually affected by a northward fluvial migration (Maraga, 1989) . A distinct watershed between the Po River and Tanaro River was so created. With a good approximation, such watershed can currently locate between the Grana Stream and the Stura di Demonte River (Biancotti, 1979) .
By the seventeenth century, substantial changes had occurred along the Grana: the stream, already inflowing into the Po River, was becoming a tributary of the Maira River near the town of Cavallermaggiore. Although signs of such change do not appear today, still presently floodwaters of the Grana Stream tend to flow eastward (Maraga, 1989; Sacco, 1884) . This stream, downstream from the Centallo village, "takes its name Mellea" (Sacco, 1884) , and for this reason is called Grana-Mellea in this paper. Apart from this particular case, the substantial changes such streams have undergone in the last centuries only concern the riverbed and are therefore linked to changes in channel bottom conditions due to moving bars and/or islands.
Another channel system must be added to the "natural" network described above. In fact, in the Cuneo plain today, one can find a relict stream channel network of mixed origin, being the artificial one superimposed on the natural (Maraga, 1989) . Sometimes this mixed channel system functions as an artificial drainage network for natural flows.
Then a look should be given to the current floods as inherited by these changes from a geological and morphological point of view. In the last century, major changes were brought by man concerning both the urbanization of the territory and control works in the rivers. Such human actions, including construction of roads and bridges, often contributed and continue to contribute significantly to conditioning the drainage direction in cases of flood.
Material and methods
This paragraph illustrates the data source and the used methodology based on: (i) reconstruction of flood events in the studied area; (ii) comparison between two great flood (October 1896 and May 2008) using GIS; and (iii) evaluation of urban growth of the city using GIS.
Since some detailed references at local scale appeared relevant in the context of the dynamic evolution of the two floods, they have been added to the text.
Historical data
A detailed research of historical sources (mostly unpublished documents) was conducted in the archives of the National Research Council -Institute for Geo-Hydrological Protection (hereinafter CNR-IRPI) of Turin and of the Savigliano municipality. Research was also made in the Savigliano public library. In the former, several interesting documents were perused regarding the evolution of the city, past floods, restoration, and protection works (mainly embankments). In the latter, newspapers and monographs were found concerning both the history of the recurrent floods and the development of the urban setup of Savigliano (AA. VV, 1992; Botta, 1988 Botta, , 2005 Turletti, 1879) .
Being the Savigliano city and territory are crossed by three streams (Varaita, Maira, Grana-Mellea), attention was given to flood events and affected areas concerned by specific watercourses above.
The bulk of information was collected in a database; since 1368, fifty-four floods were documented. As suggested by other works dealing with historical data (Glaser and Stangl, 2004) , flood-reports were grouped into a straightforward but standardised initial 3-tiered classification following the Govi and Turitto (1994) method based mainly on damage's gravity (see Table 1 for the criteria): local phenomena (level 1), above averaged phenomena with moderate damage (level 2), and regional and/or catastrophic floods (level 3). Such method and the comparison between different sources helped us to judge the reliability of historical data; the next step was their quantification and analysis. According to the detail of documents describing phenomena and related damage, most of the floods could be classified as local phenomena (level 1): more than 30, more or less equally distributed during the centuries. Based on such classification, the major floods that occurred since 1700 are summarized in Table 1 . Maira and Grana-Mellea streams were responsible for the most damage in Savigliano and were involved in all the floods of levels 2 and 3. Varaita stream, which flows three kilometres from Savigliano, was involved in only a few floods, all classified level 1.
The historical research has allowed the individuation of two floods of different level but with similar characteristics: October 1896 and May 2008, described in the following paragraphs.
1896 October flood
Information and descriptions on the effects and damages related to the flood that occurred in 1896 October were drawn from unpublished documents (reports and maps) found in the Archives of the City of Savigliano, while the public library of Savigliano provided a local newspaper collection ("Il Saviglianese") and some books and articles dealing with descriptions of the territory throughout history (Botta, 2005) . Some partial information on the meteorological situation are available on a specialized web-site (http://www.wetterzentrale.de, access: 15 February 2010 and 6 July 2011). According to the available baric maps, the region was affected by two low pressure circulations, with the minimum centered on Iceland and the Balearic islands. They remained stationary for four days because of the block exerted by an anticyclonic promontory with Atlantic and African origin on one side and East European origin on the other. Unfortunately, no detailed rainfall data are available.
The event's chronicle deals with a short article on 2 October which describes the Grana-Mellea stream as "extraordinarily enlarged... menacing housings... flood hazard is impending with much damage to settlements; there is also fear that the bridge on the main road will collapse".
Other documents bear witness to flooding in some villages, when main walls of houses were destroyed by waters overflowing the channels both of the Grana-Mellea and Maira streams. In particular, "Il Saviglianese" (issue 9 October 1896) offers more detailed descriptions about urban flood effects. Waters overflowed the Mellea stream channel on 4 October around 17:00 near the "woody bridge on the Cuneo road" (at present National Road No. 20, south part of the city), whence they spread over the southern area of the city (Fig. 3 for location) . Flowing along the railroad, floodwaters reached Borgo Marene and the southeast zone of the city, speading over the railroad station and also involving the factory (presently the ALSTOM plant; see Fig. 3 for the location).
The Maira stream inundated the land around the northern part of the city (Borgo San Giovanni), spreading its waters over both banks and submerging the adjoining roads. An original map of that time provides description of the area flooded by all the three watercourses cited above (Fig. 2) . In the "Report of the Survey Commission on the streams in the Savigliano area" (1899) accompanied by a detailed map with all references, the event is described minutely, providing a careful description of the main critical points and damage. A careful account was drafted at the a time, few passages of Table 1 . Savigliano: main historical floods since 1700, and different critical levels (by Govi and Turitto, 1994, modified which are reported here. The report mainly refers to the situation along the Mellea stream, and description is provided step by step moving downstream. In ten sites the banks bear evidence of deep erosions over stretches up to 150 m-long, an important levee that fails to collapse being undermined. Near "Borgo Marene (Fig. 3 for location) in this city much heavier are the conditions of such torrent which is seriously menacing" over a large extent of cultivated fields and cart roads, due to bank erosion and overflow hazard well apparent in two sites. The area involved by the flood was 21 km 2 (Fig. 2) , as calculated over the total municipality area. The damage claimed by factories and private citizens was 104 300 Italian liras, corresponding to 393 210.58 Euros of today.
2008 May flood
The rainfall event occurred on 27-30 May 2008 and was most intense in the western alpine sector, where it caused major damage to property and environment, also claiming four human losses in the Pellice valley .
In April, the rainfall was 30 % higher than the historical value in the period 1960 (ARPA Piemonte, 2008 . Therefore, the 2008 flood was the outcome from a particular meteorological situation, happening immediately after a wet spring. In addition, after 24 May the Piedmont Region was affected by a low pressure circulation of Atlantic origin, with two minimum centered on the Bay of Biscay and on the Balearic islands, that brought humid and unstable air flow with associated rainstorm conditions. It remained stationary until the morning of 28 May because of the block exerted by an anticyclonic promontory with Atlantic origin extended from Algeria to Italy. On 28 May, rainshowers were registered along alpine and piedmont areas. The storms were locally intense. On 29 May, the rainfall reached the highest values, starting from north and west areas (on the Alps and the piedmont area); then in the second part of the day, extending to the south-west area with an intensification of rainfall (on Cuneo plain). On 30 May, the rainfall was scattered over all the Region but with lower intensity. The large-scale atmospheric configuration which often triggers heavy and persistent rainfall (and characterized the rainfall event in question) is relatively common in spring in the western sector of the Piedmont Region (ARPA Piemonte, 2008; .
Altogether during the 27-30 May rainfall event, in the alpine area 50 % of the rain gauges registered more than 200 mm, 13 % more than 300 mm, and 2 % more than 400 mm (over 100 mm in 12 h; see Fig. 4 for details) . The considered rain gauges in the alpine area are 46 in total. In addition, the freezing level was always over 3100 m. Consequently, falling rain instead of snow was an aggravating circumstance.
Considering the geographical distribution of the rainfall, the sectors of western alpine area more or less severely involved were over a strip of land N-S oriented mainly correspond to the middle and upper part of most alpine valleys stretching from the Stura di Demonte (south; A in Fig. 4) to the Stura di Valgrande (north; B in Fig. 4) . The floodplain in the Cuneo and Torino provinces was partially involved. These considerations are further evidence as the main feature of this event, having recorded locally but not extensively very intense and persistent rainfall, contrary to what usually happens during the long-lasting rainfall events (ARPA Piemonte, 2008).
As a consequence, the high rainfall depth in some sectors of the alpine area induced high stream discharges and partial flooding over a wide strip of land in the plain. In particular, during the night between 29 and 30 May, the Cuneo plain and the Savigliano area were involved by the flooding of Maira and Grana-Mellea streams.
The flood began to expand on 30 May during the night at approximately 02:30-03:00. The main flooded areas were located in the south and east of the city. Overflows along Grana-Mellea stream occurred in correspondence to the left bank of the river and near two farms in the countryside south of the city. Hence, the waters crossed fields (Fig. 3) and reached the southern part of Savigliano. In the city, houses and some factories (ALSTOM plant, a train engineering factory) were involved. In the countryside, some farms and handicraft activities were affected by the floods both on right and left banks. The left bank presented the largest damage, where water depth rose to 150 cm. Then the Grana-Mellea overflowed, also in correspondence to the Torino-Cuneo railway bridge (Fig. 3) , which significantly narrows the river. The water flooded part of southern districts and all the district of Borgo Marene (Fig. 3) . In this area the stream, which flows at the edge of the city, overflowed its channel at several points. Part of the flood was also caused by an artificial channel running parallel to the river for a stretch (about 500 m), interfering with it. Damages were reported also by the farms on the right bank of the stream (overflow depth: 50 cm). The buildings close to the Grana-Mellea Stream and the channel were flooded by 1 m-deep water. The railway station was involved too and closed for some hours (10 cm of water on the railroad track and underground passage submerged). The roads and the district near the railway station were slightly inundated (5 cm of water). In general, a large number of houses and buildings used for work and commercial activities were flooded. The Maira River overflowed in the countryside south of the city where a farm was flooded, and in the countryside north of the city, causing some damages to fields. The flood incomings were at 11:00-12:00 on 30 May.
The area involved by the flood was 3.2 km 2 . The damage complaints by businesses and private citizens were, respectively, 44 and 150, totalling 5 million Euros (respectively 3 and 2 million Euros). 650 000 Euros was the amount of damage to roads.
Field survey and data collection
The field surveys were started in the course of the 2008 May flood and continued until December 2009. During the flood and the days immediately after, information (included interview to population), data, and photographs about overflow points, flow direction, and depth of inundation were collected. The perimeter of the damaged and involved area was traced. The geomorphological processes along streams were surveyed and a preliminary census of damage was done. Information was completed with data collected in the Savigliano municipality (maps and documents). Many pictures taken in the early moments of the flood were offered by local newspapers and by private citizens. A second campaign of surveys was conducted, aiming to assess the effects of the flood upstream and downstream the city and to analyze processes and effects outside the built-up area.
A third survey was done in the built-up area of Savigliano. The different uses of all buildings were picked up and inserted in a GIS-supported database for analysis. Of course, only present day uses have been taken into account, being past uses for most buildings are unknown.
GIS utilization
The Geographical Information System (GIS) was necessary to apply both for (i) studying the built-up area evolution, and (ii) delimiting and comparing the flooded areas in the 1896 and 2008 floods. To such purpose some cartographic maps were collected. The Army National Geographic Institute (IGMI) provided two different editions (1879 and 1933) covering the Savigliano area, and aerial photos were also considered for three time spans between 1954 and 1979.
Maps and aerial photos were scanned and georeferenced, using the 1991 regional maps as topographic reference. The last aerial recognition is represented by the 2008 orthophotos allowed by the National Cartographic web site (Ministero dell'Ambiente, http://www.pcn.minambiente.it/PCN/, access: 10 November 2009). Table 2 illustrates the map edition, the aerial photos used, and their scale. UTM-ED50 is the Geographic Projection being used.
On every map or aerial photograph, boundaries of builtup areas were traced, the main districts were identified, and buildings of social and economical interest were pointed out in the GIS database. The kinds of uses were then classified as: normal buildings (purpose-built apartments and houses), buildings for public services (schools, hospital, railway station, firehouse, and police) commercial and factory areas, and farm areas. The evolution of the city was thusly documented by steps of about twenty years between each step. Figure 5 illustrates the evolution of the city since 1879. Tables 3 and 4 summarize the built-up areas in Savigliano in square kilometres and percentages, respectively, considering buildings, public utilities, business areas, and farm areas. The percent variation since 1879 and the percent variation compared to the previous survey of all the city without categories distinction is illustrated in Table 5 .
Flood events of 1896 and 2008 were considered in order to compare the flooded areas. Although the 1896 flood has been considered 3rd level and the 2008 one only 2nd level following Govi and Turitto classification (1994 , Table 1 ), they should be deemed comparable because of the important phenomena that occurred and the amount of economic damage. Concerning the 1896 flood, a map illustrating the affected areas and related damage together with a detailed description of the flood was found in the Savigliano municipality archive. In the case of the 2008 flood, field surveys were done during and immediately after the flood for the documentation of the affected area, flow direction, and some water level measurements. Further data were acquired by some reports (ARPA Piemonte, 2008; Provincia di Cuneo, 2008) .
The 1896 maps were georeferenced and the information transposed into GIS, as well as data resulting from field surveys carried out in 2008. Figures 2 and 3 illustrate a comparison between the areas impacted by the two floods. GIS was used for the calculation of the built-up areas affected by both floods. Table 3 . Categories and built-up areas in the city of Savigliano in each investigated year. In the last column, the total occupied area, in brackets the increased area in square kilometres compared with the previous year. Numbers are in square kilometres and measurements done by GIS. 
Results and discussion
The analysis of data and discussion focused on five main aspects: (i) historical span of documents availability; (ii) distribution of the historical floods over seasons; (iii) area affected by floods in the city; (iv) the built-up area evolution in the city using maps comparison; and (v) comparison between the floods that occurred in 1896 and 2008. The collected data display a particular distribution. The lack of events between 1550 and 1650 is probably due to a scarcity of documents (Fig. 6a) . The same explanation may also apply for the series of events that happened in 1500-1550 or 1650-1700. Unfortunately, no documentary sources are available in order to complete the sequence. At the same time, the distribution of the floods since 1850 do not show the typical increase due to the correspondent increase of documentary sources and availability, as was characteristic in the 20th century. An analysis of the monthlybased distribution of floods was also made (Fig. 6b) , restricted to the events of known date of occurrence. When sharing the flood events out the year, it appears that they are Table 4 . Percent increase of the area occupied by the different categories, comparison with the previous and the first year of analysis (in brackets). Measurements were done by GIS. The percent is calculated starting from value in Table 3, most liable to occur in springtime (46 % of cases) and secondarily in autumn (33 %). The largest number of events occurs in May (26 %; Fig. 6b ). Such repartition of events can be explained by meteorological conditions. The climate in the Alpine region is rather complex due to the interactions with the air circulation exerted by the mountain relief and the general circulation of the atmosphere (Beniston, 2005). The drainage basins of the Western Alps are usually characterized by two maxima in rainfall, which is in autumn (the highest) and spring. Both types of events are frequently caused by Mediterranean low pressure areas over Corsica and Sardinia, the Balearic Islands, and Spain and the Ligurian Gulf (i.e. Table 1 Nigrelli and Audisio, 2009 noted) . Minor events depend on low pressure -Atlantic area usually centered on Iceland or British Isles. Although some heavy rainfall events do not necessarily correspond with a flood event, as some studies in alpine environment demonstrate (Luino, 2005) , the larger floods are liable to occur in the seasons cited above. IRPI's studies (Lollino et al., 2003) point out that the south and southwestern catchments of Piedmont Region are mainly impacted Through analysis of all the main floods as described in the collected reports and information, the districts in Savigliano which were mainly involved by flooding and consequently flood damage amount to four: Borgo Pieve (south east -24.0 % of cases), Borgo Marene (east -20.4 %) and Borgo Suniglia (south -14.8 %), secondarily Borgo San Giovanni (North -9.3 %), all identified in Fig. 3 . The percent value is calculated referring to the floods as a whole. However, only 68.5 % of floods caused inundation and heavy damage in Savigliano; 31.5 % involved only the countryside and the fields outside the city. So, considering only the flooding in the city areas, the four districts were differently involved: 61.9 % Borgo Pieve, 52.4 % Borgo Marene, 38.1 % Suniglia, and 23.8 % Borgo San Giovanni. Some considerations are as follows. First, in the historic reports for Suniglia and Borgo Pieve, being quite close each other, were sometimes considered together. As a consequence, the south-south east area is more subject to flood. Second, in the historic sequence, damage reporting started in different epochs for the four districts. While Borgo Pieve and Borgo San Giovanni began to suffer flood damage in the fifteenth century, similar information in Borgo Marene first occurs in the nineteenth century. Consequently, since 1841, such district appears involved in 65 % of cases of flood and within a shorter lapse of time than others. As we will discuss afterwards, the main reason is the urban evolution of the city. Third, with the exception of the north part of Savigliano (Borgo San Giovanni), since 1896 the main flood events involved at the same time the settled areas located to South, South East and East. The 1957 June and 1977 May floods are exceptions, when floodwaters mainly spread over the countryside and the fields. Fourth, since 1896, a crucial point regarding flooding is the railway bridge on the Grana-Mellea Stream. It narrows the flow section, thus provoking overflow in cases of largest discharge, in concomitance with an artificial channel which brings water to the ALSTOM plant.
Usually the Maira and Grana-Mellea streams caused major damages, since the Varaita stream flows 2 km far from Savigliano. Analyzing the distribution of damages in relation to the layout of the city, it is evident that usually the concomitant flood of Maira and Grana-Mellea rivers is the worst combination. However, when the Grana-Mellea is not involved in flood, the Borgo San Giovanni area can much easier undergo flooding.
Moreover, the facts so described are strictly connected with the urban enlargement of Savigliano. The growth can be analyzed in two different ways: (1) increase in soil occupancy over time . The territorial expansion began and grew in the period 1933-1954 (respectively, +17 % and +67.2 %) in the north part of the area including a series of farms in the countryside (+0.64 km 2 ). It continued between 1954 and 1991 with a previous and contemporary expansion in the south and west area (+0.60 km 2 until 1979), then in the north and east territory (+0.45 km2 until 1991). Between 1991 and 2008, the built-up areas developed as a belt around the city (+0.54 km 2 ). In spite of the fact that the growth of the city has been homogeneous, the changed use of some buildings has reflected the social evolution of the area. Analysing the data (Tables 3 and 5) , it is evident the main enlargement of the city happened in the periods 1933-1954, 1954-1979 and 1991-2008 . Each period was characterized by a different assignment in use for buildings: the first is characterized by a contemporary growth of buildings for business, life, and rural; the second is marked by a contemporary growth of private and business buildings; in the third period, business area increased exponentially (+1042 % since 1879). As "business", factories, shops, and handicrafts activities are meant. Such area expanded and continues to expand today in the eastern part of the city (Borgo Marene, close to Grana-Mellea stream) and in the western part of the city (in proximity of the Maira river). The eastern business buildings are located in a lowaltitude area, particularly when compared with surrounding zones, which constitutes a major problem in case of flood and partially explains why during the 2008 May flood the amount of damage was so high. (Figs. 2 and 3 ) that the 1896 flood involved a larger area than 2008. However, we have to consider the reliability of the historic data in spite of some portions of the city having been partially flooded and maybe damaged by a modest quantity of sediment. Some proof of this is given by written documents (Botta, 2005) , but not by the maps. However, the information is considered reliable because in minor events (i.e. during May 1949), floodwaters (also due to overflow from the Maira stream) spread up to the city centre as witnessed by some photographs (Fig. 7a and b) .
The two floods have some common points and some unavoidable differences. Both the 1896 and 2008 floods involved the Maira and Grana-Mellea streams, but the first caused more damage in 1896, the latter caused more damage in 2008. The flood dynamic appears more or less the same for the two occasions: the overflow points (particularly in correspondence of the railway bridge) along the GranaMellea were the same in both floods. Being the time lapse between these events is over one hundred years, damages to similar areas proved to be different both in extent and in type. During the 1896 October flood, a lot of bridges were destroyed and the city was flooded, but fields and countryside were severely involved, exacting heavy damage to cultivations and breeding. On May 2008, floodwaters also invaded the countryside (as in 1896) but also the more commercial heart of the city. In addition, a lot of problems during the 2008 flood were caused by human influence: artificial channels, roads, and other man-made obstacles influenced both direction and extent of the overflow. One should consider that in 1896 the environmental conditions were more "natural" than today. Owing to the different historical and social context concerning the economical status and the value of money, a comparison would be senseless. Nevertheless, the Savigliano area is an example of what could happen at a global scale with an exponential magnitude of damages, mainly due to the human pressure on the territory.
The analysis of the floods cited above, together with all the other floods, allows delimitation and individuation of the urban areas most prone to flood-hazard. Figure 8 refers to these areas, the most frequent points of overflow, and manmade obstacles for possible overflows.
Observing Fig. 8 and the historic analysis, some notes can be drawn:
-the overflow points are all located in the south part of the city;
-the railway bridge on the Grana-Mellea stream, as pointed out above, is the most critical point because it narrows the river;
-the roads and the railways represent a non-natural obstacle for the floodwaters: since some of them are elevated, on one hand they can be a protection for the housings, but on the hand a hindering agent for flow back;
-the small channels flowing into the plain and other artificial channels can be dangerous in cases of flood since flood waters use them as fast-track ways, but they are usually too small for draining such high discharges as during the floods considered here;
-along the Maira stream, some bank protections were recently built: part of the works ended just before the 2008 flood.
Concluding remarks
Concerning the flood behaviour (stream dynamic and processes), there are points of similarity between the October 1896 and the May 2008 events. Even though more than a century elapsed between the two, flood processes resulted in the same consequences and effects, sometimes in the same sites, repeating morphological scenarios of floodwater spreading. At the present, still unresolved issues are in evidence despite the numerous interventions (mainly bank protections) made over time. The main consideration coming out from the analysis of the flood events cited here is that even a minor flood that should happen in the future could exact greater damage to the urban, social, economic set up of a given area. The meteorological studies can individuate for extreme events seasonality, atmospheric configuration, and geographical centre, and so our target area, but they cannot exactly determine the rain effects.
This paper underlines the importance of historical research, when assessing forecast on flood dynamics and damage, added to the use of modern technologies for data analysis (GIS). The analyzed area, although of small extent, represents a landscape where urban settlements watercourses and related floodplain may be referred to as a land use quite common in Italy and all around the world. Sure enough, the stream dynamics need to be investigated from a hydraulic point of view and can be improved. Most importantly, this paper points out the importance of historical analyses for the individuation of flood-prone areas, hence the need to join the historical-geomorphological and hydraulic studies in order to cope with floods. This does not necessarily mean that it is impossible to build in such areas, but that it is compulsory to build foreseeing the main problems which may arise in case of flood (i.e. road embankments with adequate openings for water passage, prohibiting the use of undergrounds for garages, etc.).
In any case, with the increased awareness of changing climate, basin-scale studies need to be emphasized, starting from the important concept that a better knowledge of the past and the landscape mosaic can help us to interpret the present and the future natural events and related consequences in an even decreasing human-conditioned territorial situation.
